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(54) Title: INTRALUMINAL MONITORING SYSTEM 
(57) Abstract 

A monitor (10) for detecting various pa- 
rameteis of a patient's vascular and luminal 
systems, is implanted in the body as part of 
anotlier medical device, such us a stent, graft, 
intravascular filter, or A-V fistula. The mon- 
itor (10) includes integrated circuitry fabri- 
cated on a miniature spherical semiconductor 
device or ball, and wtiich can be incorporated 
into arrays of such balls. The integrated cir- 
cuitry of the monitor (10) contains a power 
coil (28) for coupling low frequency electro- 
magnetic radiation (48) from a power trans- 
mitter (44) of an external station (40). The 
power coil (28) passes the received power to 
a power regulator (30) for power regulation 
to onboard circuits, such as a processor (32). 
The monitor (10) inrU:dcs a transducer (26) 
to detect bloodstream conditions or other pa- 
rameters, such as pressure and How rate. Tlie 
parameters ore conver ;i J to daui signals by the 
processor (?2) and are modulated onto an RF 
carrier frequency signal for transmission (50) 
by an RF transmitter r 34) to an RF receiver 
(46) of the external suition (40). The CPLI 
(42) then extracts and processes the data from 
the high frequency signal, and displays on a 
display panel (47) the bloodstream parameters 

for observation by the patient or a medical professional. In an alternative embodiment, the ti initor (10) includes its own miniature source. 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



INTliALUMINAL MONITORING SYSTEM 



TECHNICAL FIELD OF 1 HE INVENTION 

This invention is related to body implantable systems, and more particularly to miniature 
electronic components for monitoring the performance of intraluminal devices such as stents, 
grafts, and vascular filters. 

CROSS-REFERENCE TO RELATED APPLICATIONS 

This application claims priority under 35 U.S.C. 1 19(e) from U.S, Provisional 
Patent Application Serial No. 60/1 10,106 filed on November 25, 1998, having the same title as 
this application. 

T'^i<^ application is related to co-pending U.S» Patent Application Serial No. 09/323,585 
(Atty. Dkt. No. BASI-24,635) entitled "IMPLANTABLE EPICARDIAL ELECTRODE," filed 
on June 2, 1999; U.S. Provisional Patent Application Serial No. 60/137,071 (Atty. Dkt. No. 
BASI-24.^58) entitled '^GLUCOSE SENSOR," filed on June 2, 1999; U.S. Patent Application 

Serial No. (Atty Dkt. No. BASI-24,784) entitled "SPHERICALLY-SHAPED 

BIOMEDICAL IC " filed of even date herewith; U.S. Patent Application Serial No. 

(Atty. ni t. No. BASI-24,785) entitled "MINIATURE SPHERICAL-SHAPED 
SEMICONDUCTOR WITH TRANSDUCER," filed of even date; U.S. Patent Application Serial 

No. (Atty Dkt. No. BASI-24,787) entitled "INTERNAL THERMOMETER," filed of 

even d • : licrewith; U.S. Patent Application Serial No. (Atty Dkt. No. BASl-24,789) 

entitle ' * MONITOR FOR INTERVENTIONAL PROCEDURES," filed of even date herewith. 
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Recent advances in angioplasty have dramatically increased the use of intraluminal stents 
in the treatment of atherosclerosis and vessels narrowed by stricture development. Inflammatory 
conditions or malignancies can cause strictures to develop in other luminal vessels such as the 
tiacheobroachial tree, urethra, pancreatic-biliary ducts, and gastrointestinal and urological 
luminal sv^tems. Such strictures are also treatable using intraluminal stents. Blood vessels 
partially occluded by tumor invasion may also benefit fW>m balloon dilation and stent placement. 

Grnfls and stent-grafi combinations are widely used in the treatment of aortic aneurysms 
and arterial occlusive diseases. Various implantable filters can be employed for treatment of 
thrombocr. bolic disease or for controlled drug delivery. Irnplantable intraluminal devices also 
include arteriovenous fistulas used in hemodialysis. 

These and other applications of intraluminal medical techniques using implantable 
devices hnve given rise to a need for post-operative monitoring of such devices that heretofore 
has not been adequately addressed by conventional medical equipment and procedures. 
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The present invention disclosed and claimed herein, in one aspect thereof, is directed 
toward a monitoring system for use in sensing a condition within a body, and communicating 
with a station located outside the body. An intraluminal device is implanted within the body, the 
device having a wall defining aiumen. A miniature electronic monitor is secured to the device, 
the monitor having a transducer in communication with fluid adjacent the wall for sensing a 
quantitative condition of the fluid, and generating an electrical signal corresponding to the sensed 
quantiti!!ive condition. The monitor contains circuitry responsive to the electrical signal and for 
generntin? an electromagnetic wave corresponding to the electrical signal which is received by 
the station. 

In another aspect of the invention, a method is disclosed for monitoring a parameter of the 
fluid flf^vving through an intraluminal device implanted within a living body. A monitor secured 
to the i'trnluminal device senses quantitative data representing a parameter of fluid flowing 
tiirouf h the intraluminal device. The sensed data is then converted into electrical signals and the 
electricnl signals modulated onto a high frequency carrier signal. The modulated carrier signal is 
transmitted outside of the body and received at an external station. The high frequency signal is 
demodi!tated to extract a p:ir:imeter computed from the quantitative data. The quantitative data 
may the,} he optionally displayed. 

in still another aspect of the invention, a system is disclosed which comprises the external 
monitni inf; station, and a miniature electronic monitor implanted in an intraluminal device. The 
extern: 1 monitoring station comprises a central processing unit for processing all information 
obtatrr.i during the monitoring function, a power transmitter operating under the control of the 
certr ! recessing unit, tlic power transmitter being equipped to produce a low frequency 
electnvnagnetic field, and a radio-frequency receiver operating under the control of the central 
procch J unit. The intr:i:uminal device is implanted in a body; and contains the miniature 
eler*-t^- '.' monitor, monitiir having integrated circuitry which includes a processor, a power coil 
resr^ i to the low frcqiicncy electromagnetic field to provide electrical energy to the monitor, 
a trnrv ! '!' cr in communication with the processor for sensing a condition of the vascular system 
of tlv 'y, and a radio-frcci'.icncy transmitter in communication with the processor for 
tranr::*. ning a modulated signiil including data representing the condition sensed by the 
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transducer, the modulated signal being adapted to be received by the radio-frequency receiver 
the monitoring station outside the body. 
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For a more complete understanding of the present invention and the advantages thereof, 
reference is now made to the following description taken in conjunction with the accompanying 
Drawings in which: 

5 FIGURE 1 illustrates a schematic longitudinal cross section through a body vessel and 

stent, the stent including a monitor according to a disclosed embodiment; 

FIGURE 2 illustrates an enlarged view of a portion of FIGURE 1 showing the monitor 
with a transducer thereon and adjacent portions of the adjoining stent; 

FIGURE 3 illustrates a block diagram of a monitoring system according to a disclosed 
10 embodiment; 

FIGURE 4 A illustrates an enlarged cross section of a portion of the monitor of FIGURE 2 
taken along lines 4-4 of FIGURE 2; 

FIGURE 4B illustrates a greatly enlarged portion of the monitor of FIGURE 2 that 
includes the transducer; 

15 FIGURE 4C illustrates a conventional strain gauge circuit according to the device 

structure o f FIGURE 4B ; 

FIGURE 5 illustrates a cross section of a portion of a monitor similar to the monitor of 
FIGURE 4, but modified in accordance with a disclosed embodiment; 

FIGURE 6 A iihistrates a schematic longitudinal cross section through a stent in 
20 accordance with another alternative embodiment that may be employed in an artery in lieu of the 

stent shown in FIGURE 1; 

FIGURE 6B illustrates an LED/photodiode pair in operation according to the 
embodiment of FIGURE 6A, and depicting the device structures for use according to the 
embodiment of FIGURE 4A; 
25 FI'HURE 6C illustrates a conventional circuit diagram of the LED/photodiode circuit as 

fabricated and illustrated in FIGURE 63; 

FIGURE 7 illustrates a schematic longitudinal cross section through another alternate 
embodim'Mit of an intraluminal monitoring system according to a disclosed embodiment; 

FIGURE 8 illustrates a side elevation of a cluster of semiconductor balls that may be 
30 employee! as a monitor; 

F'^^URE 9 illustrates a vertical sectional view through electrical contacts of the 
embodiment of FIGURE 8 taken along line 9-9 of FIGURE 8; 



wo 00/32092 PCT/US99/28024 

6 ' 

FIGURE 10 illustrates a schematic depiction of a cluster of semiconductor balls that have 
application in the context of a disclosed embodiment; 

FIGURE 1 1 illustrates a schematic vertical cross section through an abdominal aortic 
aneurysm with an implanted graft shown in longitudinal cross section and including monitors in 
accordance with a disclosed embodiment; 

FIGURE 12 illustrates a diagram of a patient*s arm showing an arteriovenous fistula 
inq>Ianted beneath the skin and connected to an artery and a vein; 

FIGURE 1 3 illustrates a cross section through a portion of the fistula of FIGURE 12 at a 
site of monitoring elements included therein; 

FIGURE 14 illustrates a schematic block diagram of the receiver/transmitter and a 
detection/power system according to a disclosed embodiment; 

FIGURES 1 5A- 1 5C illustrate alternative embodiments for the receiver/transmitter and the 
storage capacitors associated therewith; 

FIGURE 1 6 illustrates a cross-sectional side view of the monitor in an alternate 
embodiment utilizing a local power source; 

FIGURE 1 7 ilkistrates a schematic block diagram of the circuitry utilizing a battery as the 
primary power source; 

FIGURE 1 8 illustrates a perspective view of one of the spherical semiconductor monitors 
having the antenna leads disposed thereon; and 

FTGURE 1 9 illustrates a cross-sectional diagram of the portion of the surface of the 
sphericnl monitor ball ofFIGURE 18. 
DETAIT.ED DESCRIP I ION OF THE INVENTION 

STENT MONITORING APPLICATIONS 

A common treatment for atherosclerotic occlusive disease is intraiimiinal stent 
deployrvnt at the site of a vascular stenosis. Catheter dehvery systems and the use of balloon 
angiop!'»Fty for stent dejjloyment are well known in the art. Unfortunately, the occurrence of 
resteno - if to a significant degree in many cases necessitates patient monitoring and in some cases 
resort to secondary angioplasty procedures or even corrective surgical bypass operations. The 
discloi embodiment provides an improved system for post-operative monitoring of the patency 
of intral ininal stents. 
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Additionally, luminal narrowing (stenosis) can occur as a result of localized sites of 
inflammation or tumor invasion in the tracheobronchial tree, pancreatic-biliary ducts, and 
gastrointestinal and urologic luminal systems. The stenosis may result in impaired function and 
possible failure of the organ system involved (lungs, pancreas, liver, and kidneys) with potential 
life-threatening implications. Medical treatment in such cases can include balloon dilation and 
placement of various implantable intraluminal devices at the affected site. The disclosed 
embodiment provides for an improved and less invasive means of monitoring the patency of 
these luminal systems. 

Referring now to FIGURE 1, there is illustrated a monitor 10, according to a disclosed 
embodiment, in a cutaway view of a body vessel 12, specifically an artery, within which a stent 
14 has been deployed at a site 16 of a stenosis. Except for the inclusion of the monitor 10, the 
stent 14 is conventional in construction and is shown after implantation within the lumen of the 
artery 12 using well-known techniques. Briefly, plaque 1 8 has accumulated on the interior of the 
artery 12, creating a stenosis or occlusive stricture requiring treatment. Stent-assisted angioplasty 
has been performed resulting in the condition schematically depicted in FIGURE 1. 

As is well known in the art. a catheter delivery system (not shown) introduces the stent 14 
in a rndially compressed condition at the site 16. The catheter delivery system often includes a 
balloon (not shown) that is inflated to expand the stent 14 radially outward to the position 
illustrated in FIGURE 1 . The stent 14 has a generally cylindrical wall 14a, which is sufficiently 
rigid to retain ils sliapc after the balloon and associated catheter are removed. The successful 
deployment of the stent 14 forces the plaque 18 radially outward, sHghtly increasing the outside 
diameter of the nricry 1 2 at the site 16. The open interior of the stent 14 reintroduces luminal 
patencv and healthy blood flow through the artery 12. 

Any of various conventional stents can be modified to include the monitor 10. 
Conventional stents typically comprise a network of wires woven into a cylindrical shape. 
PreP^rnbly, the wires of the stent consist of a nickel-titanium (NiTi) alloy commonly known as 
Nitit\M. which ha? excellent shape-retention capability and other desirable properties. This is 
well Vnov.'n. The monitor 10 senses conditions within the artery 12, such as blood pressure, and 
communicates such information outside the patient's body. 
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Referring now to FIGURE 2, there is illustrated an enlarged view of the monitor 10 and 
its general constniction. The monitor 1 0 preferably comprises a spherical-shaped semiconductor 
device on which an integrated circuit has been formed, although other materials such as organic 
semiconductor materials are envisioned. Such a spherical-shaped integrated circuit 
semiconductor device (sometimes referred to herein as a ''ball" and a ''spherical IC") is described 
in commonly-assigned U.S. Patent No. 5,995,776, filed May 16, 1997, and issued September 21, 
19999, entitled "Spherical Shaped Semiconductor Integrated Circuit," which is hereby 
incorporated by reference. The diameter of such a spherical-shaped monitor 10 can be made very 
small, allowing it to be incorporated into the stent wall 14a without occlusion of the vessel 
limien. For example, such ball monitors 10 can have diameters in the range firom 0.1 to 1.0 
millimeter. The spherical-shaped monitor 10 is retained in a socket 20, which is secured to the 
stent ] 4. i he socket 20 is preferably made of a suitable plastic material, such as polyethylene or 
polytctrafliiorocthylene, and conforms to the spherical exterior of the monitor 10. Alternatively, 
a suitable socket for the monitor 1 0 may be integrally formed as part of the stent, or the monitor 
can be attached directly to the stent. As previously mentioned, the preferred stent 14 is a metaUic 
network of NiTi wires 22 woven into a cylindrical shape. The stent 14 may include lock rings 24 
that fit into corresponding recesses in the socket 20 to secure the monitor 10 and socket 20 within 
the w:ill of the sienl 14. 

The monitor 10 has a thin glass exterior, which will be described more fully below. 
Regions ofthe monitor 10 are depicted within the dashed outlines in FIGURE 2. A transducer 26 
disposed on the top ofthe monitor 10, in this particular embodiment, is in commimication with 
the blood flowinir through the artery 12. The transducer 26 senses a condition or parameter of the 
blooti, sv.rh as pressure. In the specific case of pressure sensing, the transducer 26 preferably 
comprises a strain gauge integrated on the surface of the monitor 10 and electrically connected 
with oxhrr clcmenls ofthe monitor's integrated circuitry. The transducer 26 converts the pressure 
ofthe* blood iliiit it senses into an electrical signal proportional to the pressure. 

The transducer 26 and integrated circuitry of the monitor 10 preferably are powered by 
c!?c'ricn' c ncrgy ii:duced in the monitor 10 from a source outside the body. An antenna coil 28 is 
wour.d around a lower portion of the spherical monitor 10 to provide a means for inductively 
reccivi-^-, cr.criix' from outside the body and providing a power source to the monitor 10. This 
pla- --:cnt -Pows communication external to the stent. A power regulator 30 is connected to the 
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coil 28 and supplies regulated DC power to the transducer 26 and other circuits of the monitor 
10, including a processor 32 and a transmitter 34. The transmitter 34 generates an 
electromagnetic wave, which is preferably in the radio-frequency (RF) band. The RF transmitter 
34 may employ the stent 14 which is metallic, and acts as an antenna, requiring an 
intercomiection therewith. In the embodiment of FIGURE 2, this is facilitated by a connection 
36 from the transmitter 34 to the stent 14 passing through the socket 20. 

Referring now to FIGURE 3, Ihere is illustrated a block diagram of a monitoring system, 
according to a disclosed embodiment. A dashed line 38 separates the monitor 10 on the right 
side, as deployed within the patient's body, from a station 40 on the left side, located outside the 
patient's body. The station 40 includes a central processing unit (CPU) 42 that is in 
communication with and controls a power transmitter 44, a radio-frequency receiver 46, and a 
display panel 47. 

When the station 40 is in proximity to the patient's body so that it can communicate with 
the monitor 10, the CPU 42 initiates an inquiry to the monitor 10 by powering up the power 
transmitter 44. The power transmitter 44 directs low frequency electromagnetic radiation 48 at 
the pnlicnt's body and monitor 10 therein. The varying magnetic field component of the 
electromagnetic radiation 48 induces a current in the power coil 28. The power regulator 30 then 
converts the AC current induced in the power coil 28 to DC current, which is then regulated to 
provide a relatively constant voltage level of. e.g., three volts to the other circuits of the monitor 
10 including the processor 32, transducer 26, and RF transmitter 34. 

Onrc- energized in the aforementioned manner, the monitor 10 can sense a quantitative 
condition of the bl-ood flowing through the stent 14. Specifically, in this example, the monitor 10 
can sampl'? blood pressure and convert the blood pressure value to electrical signals by means of 
the traT^^dncc^ 2^>. However, other aspects of the blood such as temperature, opacity, etc. could 
also bo sensed with the appropriate sensor. The processor 32 then preferably converts the 
electrical signals from the transducer 26 into digital data for accurate transmission out to the 
station 40. The digital data signals representing the pressure parameter are modulated onto a 
cnrricr freq'.:cncy signal by the RF transmitter 34 and transmitted by radio waves 50 outside the 
body for r?cc;Mion by the RF receiver 46. The CPU 42 then demodulates the RF canrier 
frequency signal to extract the pressure parameter data and stores the data in a computer memory 
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(not shown). The CPU 42 can also report the pressure data to the patient or a technician by 
means of the display panel 47. 

Systems that energize and interrogate remote electronic devices using electromagnetic 
energy and RF communication are well known. Such remote electronic devices are sometimes 
referred to as passive transponders. Examples are described in U.S. Patent Nos. 4,345,253, 
entitled "Passive Sensing and Encoding Transponder," issued August 17, 1982; 4,857,893, 
entitled "Single Chip Tnmsponder Device," issued August 15, 1989; 5,252,962, oititled "System 
Monitoring Programmable Implantable Transponder," issued October 12, 1993; and 5,347,263, 
entitled "Electronic Identifier Apparatus and Method UtiUzing a Single Chip Microcontroller and 
an Antenna Coil," issued September 13, 1994, which are hereby incorporated by reference. 

As an alternative to using separate coils for the antenna coil 28 and RF transmitter 34, a 
sinelc nntenna coil could be used. This alternative of a dual-purpose coil is described in 
commonly-assigned U.S. Patent Application entitled "Miniature Spherical-Shaped 
Semiconductor With Transducer," which is hereby incorporated by reference, and which was 
filed on the same date of the present application. 

Referring now to FIGURE 4 A, there are illustrated additional details of the monitor 10. 
The monitor 10 is hermetically protecied by a thin exterior glass passivation layer 52, which may 
be phnsphosilicate glass (PSG). The interior of the ball monitor 10 comprises a semiconductor 
substrate 54, which may be doped p-type or n-type in accordance with the particular requirements 
of the fabrication process. Optionally, the substrate 54 may be connected to the stent 14 or other 
metallic intraluminal device to serve as a ground potential for the monitor 10. The transducer 26 
has an outer surface 56 that is exposed to the bloodstream flowing through the patient's artery (or 
to :\r.y other application which interfaces with fluids flo>ying in a body lumen). The transducer 
26 rr jferably is formed atop a thick dielectric layer 58, which may be a field oxide layer grown 
on tVi- substrate 54. 

A lars^c number of transistors make up the circuitry of the power regulator 30, processor 
32 and transmitter 34, described above in connection with FIGURES 2 and 3. Some of these 
trar^^^st'^rs arc depicted in FIGURE 4 A, and labeled with the letter "T.'' Although these 
tra!v 'stors T are schematically depicted as MOS transistors, the integrated circuitry of the 
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monitor 10 could also use bipolar transistors. The individual transistors T are shown separated 
by portions of the field oxide 58. Transistor gates G and circuit interconnections (not shown) are 
embedded in an interlevel dielectric layer 60 and are made using conventional semiconductor 
fabrication techniques adapted to the spherical surface of the monitor 10. 

The antenna coil 28 described in connection with FIGUREs 2 and 3 is shown as having a 
plurali'y of separate windings 62a, 62b, 62c and 62d, which may be fabricated from a deposited 
layer ( f aluminum (or copper) that is patterned and etched using conventional semiconductor 
fabrication techniques adapted to the spherical shape of the monitor 10. The windings are 
insulat ed from each other by portions of the interlevel dielectric layer 60. The actual number of 
individual windings of the coil may be far greater than the four specific windings shown. The 
ends of the coil 28 are connected by additional conductors (not shown) to other circuit elements 
of the monitor 10. . . 

Referring now to FIGURE 4B, there is illustrated an implementation of the transducer 26. 
By wp.v of example, the transducer 26 may consist of a strain gauge fabricated atop the field 
oxide SB. A dome 63 is supported at its periphery by the field oxide 58 and defines a cavity 65 
betwe -n the dome and the field oxide 58. The dome 63 preferably comprises monocrystalline 
silico!^ and includes an elongated doped resistor 67, which is indicated by the stippling at the 
outer urface of the silicon dome 63. A dielectric layer 69, such as silicon dioxide, overlies the 
dome ^^3. Metal contacts 71 and 73 are formed atop the dielectric layer 69 and extend 
therctlTough to make contact with the opposite ends of the doped resistor 67. The metal contacts 
71 ant' 73 have extensions (not shown in the cross section) that interconnect the resistor with 
circii:*ry of the previously described processor 32. 

The straiii gauge transducer 26 can be fabricated by forming a layer of selectively 
etch::': !c material in the shape of the cavity 65 over the field oxide layer 58. For example, a 
pho*** ^^onis doped oxide can be deposited on the surface of the device, and then patterned into the 
desi- . ! shape by pholnlitliographic techniques adapted to the spherical shape of the device. Next, 
the f -con dome 63 is formed, such as by the deposition of polycrystalline silicon followed by 
recry- lallization. Alternatively, the monocrystalline silicon layer used to make the dome 63 can 
be ep !:!>:inlly erown. such as by seeding the growth from an exposed portion of the substrate 54 
adjn' *nt to the field oxide 5S. Such techniques arc known, as described in U.S. Patent No. 
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4,754,3 14, entilled "Split-Level CMOS," issued June 28, 1988. A patterning procedure is then 
used to define tlie ultimate shape of the periphery of the dome 63. Then, peripheral ports (not 
shown ^ are etched at op[)osilc sides of the dome 63 down to the doped oxide layer. Next, the 
device is exposed to an acid that preferentially etches doped oxide at a much faster rate than 
undopi d silicon dioxide. It is well known that hydrofluoric acid will etch phosphorus doped 
oxide :.c a much faster rate (e.g., 15 times faster) depending on the phosphorus doping level and 
oxide density. The acid flows into the peripheral ports and etches the doped oxide layer laterally 
beneath the silicon dome 63 lo create the cavity 65, The acid is then flushed out to introduce air 
or othc r gas, such as nitrogen, into the cavity 65. Then, the outer dielectric layer 69 is formed 
follou - d by the contacts 71 and 73. The deposition of the silicon dioxide of the dielectric layer 
69 fill the peripheral ports and seals the cavity 65. 

Tn a variation of the foregoing technique, a thin silicon nitride layer (not shown) can be 
deposited on the field oxide layer 58 lo serve as an etch-stop layer, followed by the deposition 
and prtfrning of the selectively etchable oxide layer. Optionally, another thin silicon nitride 
layer ( in be deposited atop the patterned oxide layer prior to the formation of the silicon layer 63. 
These idditional steps can facilitate preferential lateral etching of the patterned oxide layer to 
create i cavity like the cavity 65, since hydrofluoric acid etches oxide at a much faster rate (e.g., 
50 timc<5 faster) than silicon nitride. 

In operation, the strain gauize 26 senses pressure applied to the dome 63 through the 
dielec ::ic layers 52 and 69. As the pressure increases, the dome 63 flexes downward very 
slight which also compresses the gas in the cavity 65 to a slight degree. The resistance of the 
resist. - 67 varies in proportion to the variations in pressure of the fluid adjacent the outer surface 
56 of t!^e dielectric layer 52. fhe characteristics of semiconductor strain gauges are known in the 
art. A semiconductor strain gauge whose essential characteristics are similar to the strain gauge 
26 of ] GURF. 4B is dcscri!?cd in U.S. Patent No. 4,618,844, entitled "Semiconductor Pressure 
Trans -ccr," issued October 21, 1986, which is hereby incorporated by reference 

Other techniqii-s may be u.'^ed lo integrate a pressure transducer onto the surface of a 
semic Mduclor ball. For example, variable capacitors, which are ideally suited for sensing 
press;:: .\ can be fabricated using conventional semiconductor fabrication processes. A method of 
makii » variishle capacitor :-'jmicon(luctor transducer is described in U.S. Patent No. 4.665,610, 
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entitled Method of Making a Semiconductor Transducer Having Multiple Level Diaphragm 
Stnictur issued May 1 9, 1 987, which is hereby incorporated by reference. Such a method or 
variatior.5 thereof can be adapted for fabrication on a spherical-shaped semiconductor substrate. 

J .eferring now to FIGURE 4C, there is illustrated a conventional strain gauge circuit 
accordi: to the device structure of FIGURE 4B. A conventional strain gauge architecture 
compri: ''s a set of four resistances in the configuration of a Wheatstonc bridge. Resistances Rl, 
R2, R? nd R4 are connected end to end in a loop such that the output signals are extracted from 
opposir./ nodes 200 (a node common to resistances Rl and R2) and node 202 (a node common to 
resistances R3 and R4). In like fashion, the excitation voltage is applied at the remaining two 
opposir ! nodes 204 (the point common between resistances Rl and R4) and node 206 (the point 
comn: to resistances \12 and R3). The excitation voltage is supplied by a power source 208 
placed :'^ross the nodes 204 and 206. In the context of FIGURE 4B, the consolidation of 
resistar. es Rl , R2, R3 and R4 represent the elongated doped resistor 67 illustrated in FIGURE 
4B. TV ' elongated doped resistor 67 may be tapped off at various points to obtain the illustrated 
Wheat* one bridge. The metal contacts 71 and 73 of FIGURE 4B relate to the output terminals 
210 an'! 212 which interface with the processor 32. The power source 208 may comprise a 
minint' • scl f-containet! battery system, as described hereinbelow, or may be provided externally 
from h . ation 40 coupled into tlie monitor 1 0 through antenna 28 and provided through power 
regubt r 30 to llie strain gautic transducer 26. When under strain, the elongated doped resistor 
67 fle\ ; such that resirtancc values Rl, R2, R3 and R4 are changed in proportion to the 
chanf^i:^' condition sensed. The output at nodes 210 and 212 is a voltage which varies in direct 
relatioi -iiip to the parameter being measured by the strain gauge transducer 26. 

•'oferring now to FIGURE 5, there is illustrated a portion of a monitor 10', as modified 
from t : r embodiment of FIGI.rRE 4 A using similar reference numerals which designate similar 
elemc: The monitor 1 0' includes a substrate 54' on which a thick field oxide 58' has been 
grow-. TH^crlying the iliick field oxide 58' is a pressure transducer 26' whose outer surface has 
been n* *!ified in accor lance with a disclosed embodiment. The portion of dielectric layer 52' 
lying i /r the transducer 26' has recesses 64 formed in its outer surface. These recesses 64 may 
also c: "Ml beyond tlic edges of the transducer 26* at least so far as the monitor's surfaces may be 
expos to the bloodstream. 
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Tlie purpose of the recesses 64 is to inhibit tissue adhesion to the surfaces of the monitor 
10' that are exposed to the patient's blood. Tissue adhesion is known to occur on the surfaces of 
implants through the attacliment of fibroblasts. This phenomenon is well known and is described 
in Von Rccum et al., "Surface Roughness, Porosity, and Texture as Modifiers of Cellular 
5 Adhesion," Tissue Engineering, Vol. 2, No. 4, 1996 (available from the Dept. of Bioengineering, 

Clemson University, Clcmson, SC). The recesses 64 are presently preferred to be about 1 micron 
deep, 3 nncrons wide, and spaced 3 microns apart in a checkerboard topography. Such recesses 
can be f:;bricated by cor.ventional selective etching techniques adapted to the spherical shape of 
the monitor 10. 



10 Referring now to FIGURE 6A, there is illustrated an alternative embodiment of an 

intrahimiiKil monitoring system. A stent 6S includes two semiconductor balls 70 and 72 
juxtaposed on opposite sides of the stent. The stent 68 may be made.of a conventional woven 
metal such as NiTi like the stent 14 previously described, which is suitable for use in an artery 
(not sho'.vn) and implanted therein by conventional balloon angioplasty or other intravascular 

15 deliverj' system. The balls 70 and 72 preferably are embedded in the stent wall 68a in a manner 

similar to that used to anchor the ball monitor 10 in the stent 14 of FIGURE 2. 



The ball 70 is a semiconductor device that includes a light emitting diode (LED) on one 
surface oriented in the v all 68a such that it emits a light beam 74 of a generally conical shape 
into the 'nterior of the stent 68. The light beam 74 is directed so that it impinges on a surface 76 

20 of the bill 72 within the interior of the stent 68. Just beneath the surface 76, which includes a 

protective coating (not : hown) such as phosphosilicate glass, is a photodiode (not shown). The 
photodiode converts the intensity variations of the light beam 74 into electrical signals from 
which ti: .' flow rate of Mood passing through the stent 68 can be computed. The electrical signals 
produce ! by the photodiode or a computed value of flow rate can be transmitted to a station 

25 out?;"^c he pr^ticnt's bo iy in a manner similar to the technique described above in connection 

with FI'lURE 3. It sho'.'ld be understood that a frequency of emission can be utilized, such as x- 
ray, etc 



30 



! lie intraluminal monitoring system can also be applied in a similar manner to stents 
placed locations of p-st-inflammalory strictures, which may develop within the 
trach onchial tree, r:increatic-biliary duct system, gastrointestinal system (e.g., esophagus. 
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pylorus, small and large intestine), and urological system (e.g., ureter, urethra and prostate). It 
will also be appreciated iliat the disclosed embodiment can have applications that are purely for 
monitoring purposes rather than the treatment of a pathological condition. For example, an 
intraluminal device, sucli as stent or small graft, that includes a miniature monitor as described 
herein can be implanted at a site where the monitoring function is required. A catheter delivery 
system can be used for this purpose, and if need be adapted to securing the intraluminal device at 
a selected site in a healthy vessel or luminal system. 

Referring nov^' to prGLTRE 6R, there is illustrated an LED/photodiode pair in operation 
according to the cmbodiincnt of FIGURE 6A, and depicting the device structures for use 
according to the embodiment of FIGURE 4A. The light emitting diode ball 70 emits light 220 
(or other energy) across ihc luminal region of the stent 68 to a hght detecting ball 72. It is 
desirnble that the balls 10 and 72 should be installed substantially perpendicular to the radial axis 
of the stent, and aligned with one another in opposite ends of a diametrical line of the stent 68 
such that the direction o\' light 221 emitted from the emitter ball 70 impinges a jphotodiode 222 
(or other receptor) of llu detector hall 72 in a direction which is substantially perpendicular to the 
flow 223 of the fluid being measured. The light emitting diode structure 220 of the emitter ball 
70 emits livht which is ciisperscd across an area sufficient for the photodiode structure 222 of the 
light detecting ball 72 to detect. Each ball 70 and 72 is sealed with a thin exterior glass 
passivation layer 52 (e.i , PSG) to provide isolation of the ball electronics from the body tissues 
and fluid? being measur - d. 

The detector structure 222 ofball 72 is commonly known, and can be conformed to the 
arcm.te sim ':ice of the b;:l! 72 using conventional deposition and fabrication technique practices. 
For example, underlyin /. the passix :ition layer 52 are metal contacts 224 for electrical interfacing. 
Und.Tlyiiv: the metal cr ntacts 224 is an oxidation layer 226 (e.g., SiO:). The metal contacts 224 
contact a rliffused regio:. 228, which maybe a p"" region, in this particular embodiment. 
Underlying the p'-dopcil region 228 lies a n-doped region 229, followed by the substrate 54, 
which may a more heavily doped n" region. 

TV. ? LED structure 220 of emitter ball 70 is also commonly known, and a wide variety of 
stru' turer nay be empl yed to obtain the desired results. For example, underlying the glass 
pussivaiio!! layer 52 arc metal coniacis 230 which contact a diffused region 232. ThedifTused 
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region 232 may be a p"-rcgion diffused in an n-type region 234 which overlies the more heavily 
n'^-doped substrate 54. N ote that the photo structures are not limited to diodes» but may also be 
phototransi stor structures . 

Referring now to FIGURE 6C, there is illustrated a conventional circuit diagram of the 
LED/pholoJiode circuit as fabricated and illustrated in FIGURE 6B. As mentioned hereinabove, 
the middle ball 70 comprises the LED 240, which LED 220 interfaces to emitter interface 
electronics 240. In opci .tion, tlie emitter interface electronics 240 drives the LED 220 to emit 
light 221 w hich impinge ; on a photocoupler 222 fabricated into the photo detector ball 72. The 
photocoupler 222 outputs a voltage in proportion to the light intensity of the source LED 220, 
which vo!t:!ge signals arc fed into coupler interface electronics 242 of the detector ball 72. As 
mentioncci l.ereinabove, the light 22 1 is emitted from LED 220 across the lumen having blood 
flowing therethrough. 

Rc^'L-rring now lo FIGURE 7, there is illustrated another alternative embodiment of an 
intrahimin:.! monitoriiii] system. A stent 78 includes a monitor 80 consisting of three balls 81, 82 
and 83 inttTconnectcd tl.rough con-tacts, which contacts are described in greater detail 
hercinbeV V . The ball S I includes a self-contained DC power source (not shown), such as a 
miniature 1 nttery that is constructed of non-toxic materials. The ball 82 includes a miniature 
radar syste;n that transn its radio waves 84 at an angle of about 45 degrees to the longitudinal 
axis of the -tent 78. Th j ball 82 delects tlie reflections from blood cells flowing in the 
bloodstrc:' ::i, as indicated by the arrows 86. Instantaneous measurements of the bloodstream 
velocity c:in thus be nic-.stired. The ball 83 includes a semiconductor memory (not shown) that 
stores pe: : die samples of discrete time blocks of bloodstream velocity. The ball 83 also 
inchidoc :\ ?oceiver/trans!nitter for communicating with an external monitoring station as 
described ::-)ove in con: action with FIGURE 3. Wlien the patient comes within range of the 
monitoriiv system, bnl! S3 receives :in inquir>' signal, and then transmits a complete record of 
bloo(?c»re: -1 velocity d:;-ii frou) its memory out to the monitoring station. 

1 : further v:iri:;iion, a monitor having two balls may be placed near opposite ends of an 
ininli""^': 1 device, on. ball serving as an ultrasound transmitter and the other as a receiver. 
Calrnlatio-^ of flow rat can be niado according to the well-known Doppler effect. Alternatively, 
placinr !!: ^ transmitter mhI receiver halls on opposite sides of an intraluminal device can allow 
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measuren jiit of the effective diameter by measuring the time of flight of a generated wave. A 
reduction of the effective diameter over time can thereby be monitored. 

Referring now to i- IGUllE S, there is illustrated a side elevation of a cluster of 
semiconductor balls that may be employed in a transducer function. Although a single ball can 
include tl.e foregoing functions, more complex monitoring functions with multiple transducers 
can be irr-^lcmented \i>:\n \ multiple hall systems attached to catheters, needles and other 
insertahlv ilcvices. For example, ball 81 can include power receiving and data transmission 
functions. Alternatively, ball 81 can be a miniature ball-shaped battery. Ball 82 can include a 
first trari^ducer function, inch as pressure sensing, and ball 83 can include a second transducer 
function, such as measuring pi I, pO,, pCO., or temperature, as the particular application requires. 
Connvj:! »ns between ilic halls are made through metal 

contact?; <-f>. which mn; \ solder btimps, and as described in greater detail hereinbelow, 

the mc*:\] • >:itacts 90 in:, be u.scd for a variety interface functions, such as power, data, and a 

signal bypass path. 

Referring now to i'lGUIlE 9, there is illustrated a cross section along the line 9-9 of 
FIGU!' * ^ to expose ibur contacts 8Sa, 8Sb, 88c and 88d between ball 82 and ball 83. As 
mentionr i hereinabox c. .he contacts may be employed to interface a variety of functions, for 
examrlo. contacts SS i and SSb may be power contacts, such as a positive 3.0 volts and 
ground. V hich can be pa. sed from ball 81 around ball 82 by conductors on its surface using two 
of a group of similar contacts (designated collectively by numeral 90 in FIGURE 8). The 
contacts SSc nnd 88d tr :r be d:ii:i and control contacts for communications between ball 82 and 
ball 8". Similar data :i: <i control contacts may exist among contact gtoup 90 between ball 81 and 
ball 82 tr !-]c extent nce^'cd. 

i- : rring now :o FIGURE 1 0, there is illustrated a cluster of halls 91 , 92, 93, 94, 95 and 
96 as rii: example of li e . crsatility of such ball systems. The cluster specifically shows six balls 
arranr.' ' :i a three-din?c .sionr.l t'onHguranon. It will be appreciated that various other cluster 
arran* :::! are posri^ ■ :, limited (JiUy by the constraints of the end-use application. Each of the 
balls if- • ohister ca:. rform different electronic functions and communicate with each other 
throu-h . x-^ntacts as de.jeribed above in connection with FIGURES 8 and 9. Such cluster 
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arrangements are not liniiied to the previously described stent applications, but may also have 
applications in other inii ;iluminal monitoring systems, including those described hereinbelow. 

GRAFT MONITORING APPLICATIONS 

Referring now to FIGURE 1 1, there are illustrated monitors 1 10a and 11 Ob embedded in 
the walls of a graft 112, which has been implanted in an abdominal aortic aneurysm 1 14. The 
graft 11 2 may be a wovc i fabric or a fabric with a metal mesh included, both variations being 
well known, the latter s< metimes being referred to as a stent-graft. Procedures for implanting the 
graft 1 12 are well kno\s n and need not be described in detail herein. Briefly, access to the site of 
the ar juryrtn 1 14 is n.acie by a catlicler delivery system (not shown) inserted into a femoral 
artery and tlien up throu the adjoining iliac artery. The result of the graft implant procedure is 
the P'.M-tnaTi:nt inclusi(m of the graft 112 extending from a point just below the renal arteries 
1 KiR rmd 1 1 6L to a poi:.t just above the iliac arteries 1 18R and 1 18L. The purpose of the graft 
112 is to relieve the pre: sure on the weakened walls of the aneurysm 114. The graft 112 is 
cndoriirjucally stitched '.o the aorta at its upper and lower ends to create seals, which are 
desir-:'ted 1 1 8 at the us^oer end and 120 at the lower end of the graft 1 12. 

i lie seals 1 1 8 and 120 prc\ cnt blood flow through the space between the graft 112 and 
the ac^riic v.alls that hriil defined the aneurysm 1 14. Leakage of blood through this space can 
inclirate a partial detaclrnent of the graft 1 12 from the aorta at the seals 118 and 120. Also, 
clotM'ip car. occur with: i the lumen of tlic graft, particularly in the areas of the seals 118 and 120. 
The nionitf^rs 110a and 10b arc provided to detect the occurrence of such conditions. In 
particular, monitor 110:i can be a spherical semiconductor monitor similar to the monitor 10 
describ. A above in conr.cction with FIGURE 2, Thus, the monitor 1 1 Oa can detect pressure 
wit^^i- the lumen of th-^ -raft 112. Altcnntively, the monitor 1 10a could be replaced by a 
mc-^itor pa r as describe 1 above in connjction with FIGURE 6A to permit the detection of flow 
ra?- through the graft I ! 2. Siir.ilarly, the monitor 1 10b could be of the l>TDe described in 
conn-c':on with FIGl.': E 2 to d?!c;:t prc! sure, but in this case, the pressure of interest would be 
in tlv-; spnc * between :i . * graft 1 1 2 and the aneurysm wall 114. There Tore, the pressure-sensitive 
surf : c f tiv:j monitor 1 1 Ob wouM lace outward into the space between the graft 1 12 and the 
an r: '.".m v/:'.ll 1 14. Several such monitors 1 1 Ob could be located at d: ffcrent points around the 
gr 11? ! . detect pn -vure diffcrvntial.^ which would be indicative oric;iknge of blood flow 
ar- ':nd ihe uraft 112. 
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It will be appreciated that urafts 1 1 2 having bifurcated ends extending down into the iliac 
arteries, are also well known and suitable for use in the disclosed system. The disclosed 
architecture is equally apj^licable with grafts 1 12 implanted above the renal arteries to repair 
thoracic aortic aneurisms. 



5 Another application for the disclosed intraluminal monitoring system is the inclusion of a 

monitor (or monitors) on a vena ca\ a fiher. Such filters and their use in the treatment of 
thrc^mboeml^olic diseases are well known, an example being the Greenfield vena cava filter. A 
mor^itor secured to such a filter can provide vital patency information over time. 

A-V FISTULA MONITORING APPLICATIONS 

10 Referring now to FIGURE 12, there is illustrated the intraluminal monitoring system as 

applied in aii rirteriovenous (A-V) fistula, such as are used for kidney dialysis patients to facilitate 
connection \o a dialysis machine. A diagram showing the interior of n palient*s arm 122 reveals 
an A-V fistula 124 interconnecting an artery 126 and a vein 128. The material of the A-V fistula 
124 is a suitable plastic such as polyethylene. When performing dialysis, the patient's blood is 

15 withdrawn tiirough a first needle (riot shown) inserted through the skin into the lumen of the A-V 

fistula rear the artery 1 26. Blood is returned from the dialysis machine through a second needle 
(not shown) inserted through the skin into the lumen of the A-V fistuhi near the vein 128. In the 
event of str'eturc develo]")ment or narrowing near or within the A-V fistula 124, the disclosed 
architecture can provide a moans of detection so that corrective treatment can be performed. 

20 Referring now to FIGURE 1 3, there is illustrated a cross section of the A-V fistula 124 at 

a locatir»n tl at includes monitor cicnients 130 and 132. A system similar to that described above 
in connection with FIGITIE 6 A c:in be employed to detect flow rate, in which case element 130 
includes an LED at its inwardly lacing surface 134. A light beam 136 from the LED of monitor 
element is directed at the inwnrclly facing surface 138 of the monitoring element 132. Just 

25 below surface 1 38 is a photodiode (not shown), which detects intensity variations that relate to 

flow rate, as described iiereinaho /e. Alternatively, a pressure sensor i-nonitor can be employed, 
as desrnbc 1 above in the context of FIGURE 2. The monitor 1 32 may serve this purpose, as 
well as sending light intensity such that a multi-function monitor 10 c >nt:uning two or more 
tr:v:5^(?'!'"erF. n^iy be enipioyc<i to nuasure two or more respective qua:*.:it:i!ive conditions. 
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Parameters indicative of flow rate tlirough the A-V fistula 124 and/or pressure at points 
therein can be commujiicated lo a station outside the body, in the manner described above in 
connection with FIGURE 3. If pressure data is employed, it is preferable to collect the pressure 
data at three points, as indicated by the section lines A- A, B-B and C-C, in FIGURE 12. Using 
5 such pressure data, the location of a stenosis can be determined early and corrected, thus 

preventing further complications and avoiding more extensive surgical procedures at a later time. 
For example, a drop in pressure from line B-B to line C-C would indicate the existence of a 
narro\\ ing of tlie lumen between tliosc two points. 

Tt will be appreciated that tlic foregoing devices operate in a novel manner made possible 
10 by the miniaturization of the electrical components and unique implementation in a living body. 

The nv-Mhod of operation described above in connection with FIGURE 3 can be adapted to any of 
the implanted monitors d escribed herein and variations thereof that sujr i^cst themselves to the 
skilled pracitioner, inckuling uses of such monitors in livestock and other animals. The 
parameters sensed and transmitted outside the body are not limited to pressure and flow rate in a 
15 vesscK but can include, by wa\' of example, temperature and levels of pi 1, O^, alcohol, etc., in the 

bloodstream. The parameters desired to be measured may be made in living tissue or tissue 
whicli \^ not living, 

Refening now lo FIGURH M, there is illustrated a schematic block diagram of the 
monit:^r and the remote 5:\ stcni for the powering/detection operation. The monitor 10, as 

20 describ'^d hereinabove, i:: operable !o provide a transducer 26 for interf:'.:'ing with the desired 

qii:?n!iiive condition. The illusiratcd enibodiment of FIGURE 14 is thn! associated with a 
"passi \ system, which term refers to a system having no battery associated therewith. In order 
to operate the system, there is provided an inductive coupling element 1 404 in the form of an 
inductor, which is oplcra!:!e tt^ p'lrk up an aUemating wave or impulse \ ia inductive coupling, and 

25 extra t the energy therein for sto: aye in the inductive element 1404. T};is will create a voltage 

acros • Mie inductive elericnt 1 40-1 between a node 1406 and a node 14( A diode 1410 is 
co!ipei-ted between the node 140'^ a.nd the node 1412, with the anode o:Miode 1410 connected to 

' '08 and the cativxie of diode 1410 connected to anode 1412. Tipically, the diode 1410 
will be fabricated as a Schotiky diode, but can be a simple PN semicon .Iuctor diode. For the 

30 pi!rnr :-s of iVis cmbodiineni, ilie PN diode will be described, althougV. it should be understood 

that ^rhoti! y diode cr-kl ca.:i] he. fabricated to replace this diode. Tlie reason for utilizing a 
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Schottky diode is that the Schottky diode has a lower voltage drop in the forward conducting 
directio:!. 



The diode 1410 is operable to rectify the voltage across the inductive element 1404 onto 
the node 1412, which has :\ capacitor 1414 disposed between node 1412 and node 1406. Node 
1412 is also connected ilnough a diode 1416 having the anode thereof connected to node 1412 
and the cathode thereof ccnncctcc! to a node 1418 to charge up a capacitf^r 1420 disposed 
between node 141 8 and 1 406. The capacitor 1420 is the power supply capacitor for providing 
power to the monitor 10. The capacitor 1414, as will be described hereinbelow, is operable to be 
dischar;/cd during operatitm of the system and, therefore, a separate capacitor, the capacitor 1420, 
is required for storing pov. er to power the system of the monitor 10. 

There is also pro\ ided a switching transistor 1431 which has one side of the gate/source 
path thereof connected to a node 1 42 S which is the output of the transducer 26 and the other side 
thereof connected to a node 1 432. The gate of transistor 1431 is connected to the output of the 
switch rnntrol 1430. No :c 1432 is connected to the input of a buffer 1434 to generate an analog 
signal 'Hitpul thereof which is then converted with an analog-to-digital converter 1436 to a digital 
value 1 »r input to a CPU 1438. The CPU 1438 is operable to receive and process this digital 
input ^•^lta^^c. A clock c : cuit 1440 is provided for providing timing to the system. A memory 
14:'^9 provided in ccnr uinicaiion with the CPU 1438 to allow the CP'- 1 1438 to store data 
therein for later transnr t!:il b^ick to the remote location or for even storin'z received instructions. 
Thi''- nv-mor\' 1439 can V volatile it can be non-volatile, such as a ROM. For the volatile 
conriyration, of course. \h\s will lose all information when the power is removed. The CPU 
14" S i operable lo pro\ i Ic control signals to the switch control 1430 for turning on the transistor 
14!>1 ::• the appropriate i; ne. In a.ddition to the transistor 1431 being to- ^Oed to read the 
tran: tli!cer 2(\ transistor ' 43 i could be a pass-through circuit such that i!ie CPU 1438 can 
contiivially monitor the \ olti.uc at the output of the transducer 26. Syst ;ni power to all power- 
con^'irnne elements ofilic niotviior 1 0 is provided at the SYSTEM PWJl output node. 

\n order to coni!:/inicate v. it'i the CPU 1438 for transferring data ihereto and for allowing 
th'* C - ^ 1438 to transit: data llicrefrom, a receive/transmit circuit 1442 is provided for 
ir» —l - 'ing lo node 14!!? :liroiij.!i a resistive element 1444. This allow;: energy to be 
tra:r":'*itlcd to node 14 ! r^. It is i:nporiant to note that the semiconductor i unction across diode 
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1410 is acapacitive junciii.n. Therefore, this will allow coupling from notic 1412 to node 1408. 

Although not illustrated, t:.:s could actually be a tuned circuit, by selectini^ the value of the 

capacitance inherent in liio design of tlie diode 1410. In any event, this allows an RF connection 

to be provided across diocic 1410 while allowing sufficient energy to be input across conductive 
5 element 1404 to provide a \ oUage thercacross for rectification by the diode 1410 and capacitor 

1414. Typically, the frccji: jncy of this connection will be in the MHz ranL;e, depending upon the 

design. However, many d. signs coidd be utilized. Some of these are illurtrated in Beigel, U.S. 

Patent No. 4,?33,072, cnti. ed Tdcntincation Device," issued June 1, 1 98!^., and Mogi et. al, U.S. 

Patent No. 3,944,982, ciiti'lcd ^ Remote Control System For Electric Appr -atus," issued March 
10 16, 1 976, which are inco:r:.iraicd herein by reference. With these types ol systems, power can 

continually be provided to :hc node 1412 and subsequently to capacitor l -;20 to allow power to 

be constantly applied to • monitor 10. 

The remote systci- 10 which is disposed outside of the body and proximate to the monitor 
10 includes an inductive t ! ;ni. :U 1 -1:0 which is operable to be disposed i - :!n area proximate to 

15 the skin, yet exterior to &. • body, in the proximity of the monitor 10, as cl ^ 'e thereto as possible. 

The inductive clement ]A!''^ is driven by a driving circuit 1452 which pro\ ides a differential 
output that is driven by oscillator 1 454. This will be at a predetermined frequency and power 
level necessar>' to couple c:\cv•^y from inductive element 1450 to inductive element 1404. Since 
this is an external systc:-.. ;he power of the oscillator can beset to a level to account for any 

20 losf:cs throurli the bod>' t: ;uc T = -.I low information to be transmitted, i^iodulation circuit 

145<^ is provided which : ^ :no<:iil:itc(l by a transmitter signal in a block 1^-8 that allows 
information to be modi:!:.' d cmiIo \hc oscillator signal of the oscillator 14^-4, which oscillator 
signal is esscrnially a "r: r : ier" sirna!. However, it should be understood that the information 
that is transmitted to th-; ; onitor 1 0 could merely be date information, whereas the CPU 1438 

25 could operat*-^ independr;- .^f ;;r.y 'rai^.mitted infomiation to provide the correct timing for the 

output pulse? and the c. : : :t v/avc -^Impe therefor. Alternatively, entire co!;'.rol of the system 
coi:: ! be provided by tr...- t : '::al 1458 and the information carric-: ::\creon, since power 

mi!?t be delivered to tlv :. •.is'n'oi! t.!id>odiment due to the lack of any in pendent power in the 
motvior 10. 



30 



When the inforr ; on :s w ci ' cd from the monitor 10, it is superi -^posed upon the 
oscillator siivial drivin;- ' • ir-iuciiv-.- clement 1450. This is extracted the : tVom via a detector 
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1460 which has the ouipir thereof input to a first low pass filter 1462, am! then to a second low 
pass filter 1464. The ouij -it of low pass filters 1462 and 1464 are compared using a comparator 
1466 to provide the data. The 11 Iter 1462 provides an average voltage output, whereas the filter 
1464 provides the actu:il digital voltage output. The output of the comparator 1466 is then input 
to a CPU 1470 which also is i:)owered by the oscillator 1454 to process th j data received 
therefi-om. This can then i)e input to a display 1472. 

Referring now to MGUREs 15A-15C, there are illustrated altem:re embodiments for the 
transmit/receive operaiior.. In ITGURE 15A, there is provided an oscilln:or 1500 which drives an 
external inductive elen. ::.t 1 : "'2. Typically, there is some type of load 1 504 disposed across the 
inductive eleincnt 1502. : his i s the primary power that is provided to tho system. A separate 
inductive ele:ncnt 1506 i;; pn \ idcd on the monitor 10, for being inductively coupled to the 
inductive element 1502. i'hcreafier, a voltage is generated across the inductive element 1506, the 
inductive element 150^'> b in^.^ connected between nodes 1508 and 1510. \ diode 1512 is 
connected between node ! 508 and a power node 1514, and a power supply capacitor 1516 is 
disposed across node 151 \ ar. ; a node 1510. This allows the voltage on rode 1508 to be rectified 
with diode 1512. 

In FIGURE 151'*, :;ie receive operation, in this alternative embodiment, utilizes a separate 
inductive element or a:.: . : na 1 524 in the monitor 10, which is operable t > be connected between 
nodes 1500 :ind 1511. N Jc ! 509 is capacitively coupled to a transmit n >de 1530 with a 
capacitor 1 532, the capac tor ' 532 being a coupling capacitor. A transm iter 1534 is provided for 
transmitting received c.'M: fn m a line 1536 to the node 1530, which is thon coupled to the node 
1509 to impress the RF !r gmil across the inductive element 1524. 

A correspond!! • .duiivc clement 1540 is disposed on the external remote controller of 
remote loca'-on 40, wb. c' i: ■ !:i:tivc clement 1540 is operable to be disp sed proximate to the 
inductive c' mcnt 152 -/ iit r:.i-rn:'.l to the human body. The inductive - lement 1540 is basically 
a "pick-up'' clement \\'W\ h i. pcniblc to receive information and funct:« :i as an antenna, and 
provide the received si/:. ;1 1 ^ ;i receiver 1542. The structure of FIGURIv 15B is a separate 
structure, swch that nor. j : 5( ' is isolated from node 1508, the power receiving node. However, it 
should be r dcrstood : : ai ; .lar n^ nics of the oscillator 1500 would, r 'course, leak over into 
the inductive clement 1 4. TI;i:; c:in he tuned out with the use of some :ype of timing element 
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1 544 on the monitor 1 0 di siH^secl across inductive element 1 524, and also a tuning element 1546 
disposed across the indue ;ivc element 1540, i.e., the antenna. 

Referring now to 1 IGURE 1 5C, there is illustrated a simplified schematic diagram of the 
receive portion. The nior.itor 10 has associated therewith a separate receive antenna or inductive 
element 1550 disposed between node 1513 and a node 1552. Node 1552 is capacitively coupled 
to a receive node 1554 wi Ji ;i coupling capacitor 1556. A receiver 155S is provided for receiving 
the information transmit I J thereto and providing on the output thereof data on a data line 1560, 
The receiver 1558 is opei able to receive the.RF signal, demodulate the data therefrom, and 
provide digital data on th outpul 1 560, External to the human body and the monitor 10 is a 
transmitter 1562 which ir openible to impress a signal across an external inductive element 1564. 
The inductive clement 1 5'')4 basically provides the RP energy and is esi: . ntially tuned with a 
tuning element 1 566. A < (M responcling tuning element 1568 is provided on the monitor 10 and 
disposed across inductiv: e lement 1550, the inductive element 1550 acl:!ig as an antenna, as well 
as the indtictive element 564. 

Note that in circu:nstanecs where the signals of monitor 1 0 cann t be adequately received 
therefrom and/or power ( ).iplec! thereto, the external location circuitry -^n may need to be 
inserted into the body pr :imate to the monitor 10 in order to couple th j transmit/receive signals 
and power. Furthemiorc \\ here more than one monitor ball 10 is used, ommunication of power 
and data signals betwee: ■ various monitors 10 may need to employ distinct time periods (i.e., 
time muhiplexing) whe:: communication occurs using a single common frequency, or 
discriminatioi^ circuits y need to be used where communication occn: ; simultaneously with 
the plurality of implante:: tnonitors 10 having different oscillator frequrrxies. 

Referring now tr^ ir.URE 1 6. there is illustrated a side view of alternative 
embodiment utilizing a,: itional circuitry or structure attached to the m' nitor 10 for providing a 
local power source. A? ."crib::! iiereinabove, the monitor 10 requires power-generating 
stmctnre for noring a jv er sii/pl;/ v oltage such that diodes must be jr vidcd for receiving and 
rcct-'' 'ing a large anKn:r.' . »f power ;tiKi charging up a power supply cap .:iior. Alternatively, the 
monitor 10 could be cor. ^nired to interface to an attached power suppl> system 1600 comprising 
either a b ittcry or a cajv- .-:or. fhc local power supply system 1600 is i'-r.-^^ratcd as disposed on a 
cir.-M*« board 1603 dcfr. : 'v.- supporting structures 1602 and 1604. Tl: circuit board 1603 
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: facing llic local power supply system 1600 lo the monitor 10. 



Referring now to FIGURE 1 7, there is illustrated a schematic block diagram of the 
monitor 10 using a ballery :is the local power supply system 1600. A battery 1701 is provided as 
a source of self-contained |H)wer and is connected across a capacitor 1700 to provide smoothing 
of any power output to llv.: .ystem power-consuming elements of the monitor 10. Power for all 
on-bonrd components is r: :r'ined from the SYSTEM POWER output by oviding sufficient 
charge to the capacitor 17uU. The capacitor 1700 could be formed on the ::urface of the monitor 
10 or it could actually be ;Mrt of the battery structure 1701 . Additionally, the capacitance 1700 
could actually be the capacitance of the battery 1701 . Additional structvirv* could be provided for 
powering the CPU 143S a:. J the other circuitry on the monitor 10 from the battery 1701. As 
such, there would only h: r,quirec! a smaller inductive element 1702 and a capacitor 1704 to 
allow the receive/transmit block 1 442 to receive/transmit information from, and to the remote 
exterior station 40. The iich control 1430 controls the gate of the switi iiing transistor 1431 to 
switch output oTthc trap, incer 26 tl.roui^h the switching transistor 143 1 source/drain path to the 
CPU 1 438. It should be : .<!erstooJ ihat any inductive elements that arc disposed on the monitor 
10 ncod to be intcrfaccci i > the extcr ior of the stent to allow for a clear corimiunication path 
extcr;:: ! thereto. 

Referring now in 'ICjURE IS, there is illustrated a perspective vi. v of the monitor 10, 
whcroin the inductive e! , Mit 140-1 ( siir.ilar to inductive element 1702) is illustrated as being 
strips ofconductive ma; . ^1 wrapped around the exterior of the monitor : 0. The inductive 
elem'^r.t 1404 is formed ( : :\ conducii vc strip wrapped many times arounH the monitor 10. The 
lenpi'i f>r inductive elcnu : : 1404 depends upon the receive characteristics that are required. As 
described hereinabove v i n referc!icc to FIGURES 15A-15C, there could he multiple conductive 
strips, < r^^h associated v. ; : . :\ recei\ c function, a tnmsmit function or a p« > .ver function, or they 
could :dl share one sine; t.mducti ^ element or strip. Note that the indu. tive strips would be 
dis^^'^r d on one side o! inonilf r 1 0 for communication purposes, :'.s d scribed hereinabove 
witl^. r-fcrencc to FIGl'i " 

On one end of i' lonito: 10 there is provided a transducer intcrl ice ItSOO of the 
trniv i ' ^^r 26 having, c; lally, or.: or more interface balls 1802 (or p:i' lal b;dls, called 
nn(!u! - nssociatcd Ihr: .. :th cxte:vlini! from the transducer interface riir:":icc to provide 
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enhan.' J engagement of ihc measurini^ surface or physical entity. The interface balls 1802 can 
be :e of non-reactive material, e.g., gold to prevent degradation while in the body. Note that 
in son applications, the interface nodules 1802 are not required for obtaining the desired 
quant: : ..tive data. On llic other end of the monitor 10 are provided interconnect balls 1804 (or 
5 nodul > . ) for interconnecting to one or more other spherical balls, as described hereinabove, 

whicl. I ay provide similar functions such as monitoring of quantitative data, or unique functions 
such : supplying only |v«'.vcr or data buffering and storage. 

Referring now i » i'TGURE 1 9, there.is illustrated a cross-scctionnl diagram of the surface 
of the lonitor 10 illus::;=!ing the conductive strips forming the inductive element 1404. The 

10 condv ive strips are rcf\ rred to by reference numeral 1910 which are spaced above the surface of 

the ir.;. ;rated circuit ofil^e ir.onitor 10 by a predetennined distance, and separated therefrom by a 
layer silicon dioxide. A passivation layer 191 1 is then disposed over the upper surface of the 
condii :tive strips 1910. The conductive strips 1910 can be fabricated from polycrystalline silicon 
but, i- would be prcfer.-.'^'.c lr> fonn ilicm from the upper metal layer to rcf^ult in a higher 

15 cond' tivity strip, Tlv: -vill allow the strips 1910 to be narrower and separated from each other 

by a 1 ger distance, 'f ; . separation would reduce the amount of capacitance therebetween. 

One end of the ■ i : ips 1 910 i s connected to a diode structure 1913. The diode stmcture 
191 / y formed of an N-v, c!l implnnt region 1914 into which a P-wcll i:nplant region 1916 is 
dispt ed, and ;in N-weil implant re; ion 1918 disposed within the P-wc!l implant region 1916. 

20 This • )rms a PN diodr w here one end of the conductive strips 1910, a conductive connection 

1920 s connected to :' P-well 1916 implant region, and a conductive layer 1922 is connected 
at oi; end to the N-wc.l implant region 1918. This conductive layer or strip 1922 extends 
outw:r I to other circiv .r / on the inieijrated circuit and can actually form the capacitor. Since it 
neec' :o go to a capaci: :* ciircctly, lower plate 1924 fomaed of a layer of polycrystalline silicon 

25 or n^ tal in a double-r . . il process, could be provided separated therefrom by a layer of oxide. 



Although the ] : fcrred embodiment has been described in detail, it should be understood 
thai \ nous changes, * sli:utions and alterations can be made therein without departing from the 
spiri: nd scope of the i:. version iv^ denned by the appended claims. 
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1. A monitoring: system for use in sensing a condition within a body and communicating 
with a station located oi isidc the body, the system comprising: 

an intraluminal device implanted within the body, the device having a wall defining a 
lumen; iind 

5 a miniature elec:: onic monitor secured to the intraluminal device, the monitor having a 

transducer in communication with fluid adjacent the wall for sensing a quantitative condition of 
the fluid and generatinr :rA electrical signal corresponding to the sensed quantitative condition, 
the monitor having circ : ry responsiv e to the electrical signal for generating an electromagnetic 
wave corresponding to electrical signal for receipt by the station. 

2. The moi:! :oring system of Claim 1 , wherein the miniature electronic monitor 
compri nCS a spherical-si: irpcd semiconductor device on which the electromagnetic wave 
generating circuitry resi les in the form of an integrated circuit. 

3. The mo: ' oring system of Claim 1, wherein the intraluminal device is a stent 
implanted at a site of a Mcnosis. 

4. The moi.::orinc system of Claim 3, wlicrein the stent serves as an antenna for 
radinti'^g the elcctrom:! • ctic v/ave. 

5. The mo: Drini: system of Claim 3, wlierein the stent serves as an effective ground 
potcntinl connection for :!ie monitor. 

Cy, The mo: orinr: system of Claim 2, wherein the transducer comprises a strain 
gnii"c that is secured a* ' c surface of the semiconductor device and is in electrical 
communication with ll . electromagnetic wave generating circuitry. 

7. The mc :.^rinu system of Claim 6, wherein the strain gauge is configured to sense 
blood pressure. 



The mc oriny system of Claim 6, wlierein the strain i!:iiige has an array of 
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recesses on its outer surface to inhibit tissue adhesion. 

9. The moniioring system of Claim 1 , wherein the monitor includes means for 
generating power in resjXMise into a low frequency electromagnetic signal directed at the monitor 
by the station. 

1 0. The mor. it "»ring system of Claim 9, wherein the electromagnetic wave generating 
circuitry comprises a prv)cessor and an RF transmitter, wherein the processor converts the 
electrical signal from th:* strain gauge to a data signal communicated to the RF transmitter, and 
the RF trnnsmitter mod :!:;tes the data signal onto a radio frequency carrier signal. 

1 1 . The mor, i toring system of Claim 1 0, further comprising a power transmitter 
located outside the bod; ''?r generating the low frequency electromagnetic signal, and an RF 
receiver located outside tl.c body that receives the RF signal transmitted by the monitor. 

1 2. The mor/ '^ring system of Claim 1, wherein the intraluminal device is a graft 
implanted at a site of an aortic aneurysm. 

13. The mo:::*^rin<j system of Claim 1, wiierein the intraluminal device is an A-V 
fistula implanted in a p::::ont's ami interconnecting an artery and a vein. 

14. The mo: :* oring system of Claim 1, wherein the intraluminal device is a graft 
connecting two vessel -'mcnts. 

1 5. The mo - orins^ system of Claim 1, wherein the intraluminal device is a graft 
conrTctinr two arterial .scular segments. 

1 The mor. ••'•rin!^ system oTClaim 1, wherein the intraUimirsal device is a graft 
Conner' inr! two venou -. v.scular segments. 

1 7. The nif . . :orini; system of Claim 1, wlicrein the intraluminal device is a stent 
iirt'^Vv" r! in the trach . ' '•onciiial tre*: al a site of a stenosis. 
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18. The monit ,>riiig system of Claim 1, wherein the intraluminal device is a stent 
implanted in the pancreatic-biliary duct system at a site of a stenosis. 

19. The monitoring system of Claim 1, wherein the intraluminal device is a stent 
implanted in the urological system at a site of a stenosis. 

20. The moritoriiij; system of Claim 1 , wherein the intraluminal device is a vena cava 

filter. 

21 . The monitoring system of Claim 1, wherein the intraluminal device is a stent 
implanted in a gastrointc: tinnl system, 

22. The mor.:-'^rin>^, system ofClaim 1, wherein the transducer detects the intensity of 
a light source directed t: -: oug!i the interior of the intraluminal device, the monitor including 
circuitry for converting \ :irialions in the intensity of the light source to data indicating the flow 
rate of blood through Xh intraluminal device. 

23. The monitoring system of Claim 1, wherein the transducer detects blood flow rate 
by directing high frequc* cy waves into the bloodstream and detectinr? a frequency shift in the 
reflected \v'aves. 

24. The mo: oriiu^ system of Claim 1 , wherein the miniature electronic monitor 
comprises a cluster of sj lierical-shaped devices including a power source, a device containing the 
transduce: , and an intey: :itcd circuit memory. 

25. The mo: .:ioring system of Claim 24, wherein the spherical-sliaped devices are 
interconrocted by tangt :itinl contacts for transferring power, data, and control signals between 
the devic . s. 
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26. A method lor monitoring a parameter of fluid flowing through an intraluminal 
. device implanted within a li\'ing body, comprising: 

energizing amoni: )r secured to the intraluminal device; 

sensing quantitali\ data representing a parameter of fluid flowing through the 
intraluminal device; 

converting the ser. ;jd data into electrical signals; 

modulating the ek ; tr:r:il signals onto a high frequency carrier signal; 

transmitting the n\ ,:ul:;tcd carrier signal outside the body; 

receiving the trai: ::iticJ signal at a station outside the body; 

demodulating the !.ii;h frequency signal to extract a parameter computed from the 
qunntitative data; and 

displaying the pa: .nictor. 

27. The meth." ! nf Claim 26, wherein the energizing step is performed by directing 
low frequenry electrom:v n;: ;c radiation at the monitor from outside the body, aind inducing a 
current in a coil on the iv; ii; -^r. 
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28. The combiiuiiion comprising: 

(a) a monitorii.i; suuion having: 
a central processing unit; 

a power iransniiiler operating under the control of the central processing unit, the 
5 power transmitter being Cviuipj^ed to produce a low frequency electromagnetic field; and 

a radio-frcijuciicy receiver operating under the control of the central processing 

unit; 

(b) an intraUnv::r.:!l device implantable in a body; and 

(c) a miniatur. c!c:ironic monitor affixed to the intraluminal device, the monitor 

10 having: 

integrated j'ii\:::itry including a processor; 

a power c il rc.-ponsive to the low frequency electromagnetic field to provide 
electrical energy to the m n n i t or; 

a transduc r communication with the processor for sensing a condition of the 
15 vascular system of the.bo \y: i^nd 

a radio-frcn I'l ncy transmitter in communication with the processor for 
transmitting a modulatcc: :i:il including data representing the condition sensed by the 
transducer, the modulate : siivnal being adapted to be received by the radio- frcciuency receiver of 
the monitoring station or. .:::' :e the body. 

2^. The conV : i: Ml of Claim 28, wherein the intraluminal device is configured for 
implantation at least par!: ill / within a body vessel. 

30. The comV -n of Claim 28, wherein the monitor comprises at least one 
snherical-?liaped semicc::.:i:ctor device. 



?1. The com'- 
means for displaying llv. 



Ml of Claim 28, wherein the monitoring station further comprises 
: cprcscni::ig the condition sensed by the transducer. 
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